DOCKETED

Docket Number; 18- IEPRD9

Project Title:| Decarbonizing Buildings

TN #:| 223754

Document Title:| Exploring Economic Impacts in Lehgrm California Energy Scenari

Description:| N/A

Filer:| Stephanie Bailey

Organization:| California Energy Commission

Submitter Role:] Commission Staff
Submission Date| 6/11/2018 1:08:03 PM
Docketed Date] 6/11/2018




Exploring Economic

Impactsin Long -Term

California Energy
Scenarios

California Ene rgy Commission

Edmund G. Brown Jr., Governor

) At

ENERGY COMMISSION
S

June 2018 | CEC-500-2018-013

N



California Energy Commission

Primary Author(s):

David Roland-Holst
Samuel Evans
Samuel Heft-Neal
Drew Behnke
Myung Lucy Shim

Berkeley Economic Advising and Research
1442A Walnut St. Suite 108

Berkeley, CA 94709

Phone:510-220-4567

www.bearecon.com

Contract Number: 300 -16-002

Prepared for:

California Energy Commission

Katharina Snyder
Contract Manager

David Roland-Holst
Project Manager

Aleecia Gutierrez
Office Manager
ENERGY GENERATION RESEARCH OFFICE

Laurie ten Hope
Deputy Director
ENERGY RESEARCH AND DEVELOPMENT DIVISION

Drew Bohan
Executive Director

DISCLAIMER

This report was prepared as the result of work sponsored by the Califomia Energy Commission. It does not
necessariily represent the views of the Energy Commission, its employees, or the State of Califomia. The
Energy Commission, the State of Califomia, its employees, contractors, and subcontractors make no war

express or implied, and assume no legal liability for the information in this report; nor does any pary
represent that the uses of this information will not infringe upon privately owned rights. This report has not

been approved or disapproved by th e Califomia Energy Commission nor has the Califomia Energy
Commission passed upon the accuracy or adequacy of the information in this report.

rant,




ABSTRACT

California Senate Bill 350 and ExecutiveOrder B-30-15require the California Energy
Commission to consider impacts to disadvantaged and vulnerable communities in its climate -
related planning and funding. The Energy Commission is sponsoring a set of coordinated studies
(EPC 14072,EPC 14074,and EPC 14
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EXECUTIVE SUMMARY

Introduction



The team also incorporated into the model the newinformation from leading energy experts , including
detailed and state-of-the-artenergy sy stemand economic datafr om the larger Electric Program
Investment Charge project portfolio . This information will set a foundation for 2030 and 2050 projected
outcomes for the California economy.

Project Results

Conservative estimates, based on detailed investmentand technologycost analysis provided by the energy
consultant,



Figure 1: Medium Cost Scenario Health Benefits in 2030 for Los Angeles
($ per Household)

Source: Berkeley Economic Advising and Research

Other potential benefits to di sadvantaged communities include:



households have lower incomes, these gains are even more dramatic in relative termsBoth results
suggest that climate policy benefits are not only inclusive, but can contribute to reducing inequality.

However, these benefits amongdisadvantaged communities are unevenly distributed across the state,
with disadvantaged communities in Los Angeles benefitting more than disadvantaged communities in the
Central Valley, for example, becausethe sources of pollution in the Central Valley are less likely to be
affected by the policies consideredin this study . More targeted policies could achieve different outcomes
in total benefits and associatedstatewide distribution. Indeed, the very heterogeneity observedininitial
conditions and the long-term estimates suggest there are many opportunities for largerand more
inclusive benefits. The present work is best seen as indicative. More effective policies should be supported
by more intensive and extensive policy research.



CHAPTER 1:
Macroeconomic Analysis

As part ofits established commitments to a lower-carbon future, California is committed to an ambitious
long-term program for emissions reductions. One ofits mostimportantinitiatives is the Long -Term
Energy Strategy (LTES)



more than disadvantagedcommunities in the Central Valley, because the sources of pollution in the
Central Valley are less likely to beaffected by the policies consideredin thisreport .

1.1 BEAR Model Description

The BEAR modelis a dynamic economic forecasting model for evaluating long-term growth prospects for
California (Roland -Holst, 2015). The modelis an advanced policy simulation tool for demand, supply, and
resource allocation across the California economy, estimating economic outcomes annuallyfrom 2015



Forthe LTES assessmenithe BEAR model aggregateddata from 60 economic sectors (Table 2). The
electric power sector was disaggregaed byeight generation types to be consistentwith the detailed energy
framework put forward by E3.

Table 2: BEAR Sector Aggregation

Source: Berkeley Economic Advising and Research

1.2 Scenarios

To accountfor uncertainty in future technology costs, E3 worked with three generic GHG mitigation
scenarios, assuming conservative, high, and intermediate costs for acquisition and adoption of new energy
technology. All scenarios are assumed to meetCalifornia






Table 3: Summary of PATHWAYS Model Fuel and Stock Expenditures in 2030 ($ Billion )

Reference 2030 Mitigation Scenario Difference
(Mit_Med)

Stock  Fuel Total Stock Fuel Total Stock Fuel Total

Costs Costs Costs Costs Costs Costs Costs Costs  Costs
Residential 16.9 25.1 42 16.3 25.8 42.1 -0.6 0.7 0.1
Building
Commercial 18.7 24.9 43.6 19.8 25.8 45.6 1.1 0.9 2
Building
Transportation 95.1 475 142.6 100.2 40.2 140.4 5.1 -7.3 -2.2
Industrial 0.9 19.1 20 8.7 19.3 28 7.8 0.2 8

131.6 116.6 248.2 145 111.1 256.1 13.4 -5.5 7.9

2050, respectively (Table 5). The bulk of this investmentis in solar, energy storage, and wind
technologies.

Table 4: Summary of PATHWAYS Model Fuel and Stock Expenditures in 2050 ($ Billion )

Reference 2050 Mitigation Scenario Difference

Mit Med

Stock  Fuel Total Stock Fuel Total Stock Fuel Total

Costs Costs Costs Costs Costs Costs Costs  Costs Costs
Residential 23.5 28.0 515 23.3 24.8 48.1 -0.2 -3.2 -3.4
Building
Commercial 23.9 32.7 56.5 26.7 35.1 61.8 2.8 2.4 5.2
Building
Transportation 121.3 56.4 177.6 141.9 42.8 184.7 20.7 -13.6 7.1
Industrial 1.2 23.0 24.2 11.5 29.1 40.6 10.3 6.1 16.4
Total 169.9 140.0 309.9 203.4 131.8 335.2 33.5 -8.3 25.2

Source: Berkeley Economic Advising and Research

Table 5: Investments in Electric Power Capacity for 2030 and 2050 ($ Billion )

2030 2050

Generation Type Mit Med Reference  Difference Mit Med Reference Difference
Geothermal 1.1 0.0 1.1 0.0 0.0 0.0
Natural Gas 0.0 0.7 -0.7 0.0 1.2 -1.2
Solar 4.9 0.0 4.9 5.0 0.5 4.5
Storage 14 0.0 1.4 2.3 0.0 2.3
Wind 0.3 0.0 0.3 4.7 0.0 4.7
Total Investment 7.8 0.7 7.1 12.0 1.7 10.3

Source: Berkeley Economic Advising and Research



1.3 Results

The LTES macroeconomic assessmentresults are presented for 2030 and 2050 as eithea percentage or
level difference from the baseline scenario. The baseline scenario reflects preSB 350 policies, such as the
33%RPS and historical energy efficiency goals.

There are three fundamental drivers ofthe macro results: growth-positive investment stimulus , fuel
efficiency benefits, and growth-negative costs of technology adoption. The complex interplayofthese
drivers determines the net outcome for the economy. Because these forces are countervailing, theelated
aggregateeffectis an empirical question. The relative importance of each depends oninitial conditions,
policy compliance, and economic behavior.

Overall, results show that LTES would confer significant economic benefits from investment -driven direct
stimulus in low -emissions technologies and indirecthousehold real-income benefits from energy savings.
These two effects combine to outweigh technology adoptionand other compliance costs associated with
installing new renewable electric power capacity, electrifying the vehicle fleet, and upgrading commercial
and residential building appliances.

Inthe medium run (2030), all macroeconomic indicators show net benefits to the California economy for
the median-cost and low-costscenarios (Table 6). For example, GSP and overall employment are
projected to increase by 2.1%relative to the baseline in the mediancost scenario (Mit_Med). The other
macroeconomic indicators

10



Table 6: Macroeconomic Summary in 2030

Mit_Med Mit_High Mit_Low

Gross State Product 2.11% -0.06% 0.62%
($117.262) (-$3.325) ($34.569)

Real Output 2.12% -0.06% 0.63%
_ ($175.069) (-$5.145) ($51.711)

Employment (,000) 2.11% 0.01% 0.60%
(575.743) (2.406) (162.767)

Real Income 1.10% -0.04% 0.24%
_ ($133.122) (-$3.722) ($33.661)
State Revenue 2.41% 0.05% 0.67%
_ ($16.488) (-$0.542) ($3.640)

(% and $billion difference from baseline in 2030)

Source: Berkeley Economic Advising and Research

Table 7 shows the key macroeconomic indicators for the LTES scenarios in 2050, relative to the baseline.
As shownin the previous expenditure input tables, the stock and fuel expenditures are substantially
higher inthe long run as deep decarbonization requires substantial stock investments in transportation,
industrial efficiency, and building efficiency, and continued electric power investments in solar, wind, and
energy storage technologies. The economywide stimulus effects in the long run are generally aboutfour
times aslarge as the 2030 macroeconomic impacts. This makes intuitive sense as both direct
expenditures on low-emissions technologies are higher,and there is more time for the multiplier effects
from earlier expenditures to accumulate.
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Table 7: Macroeconomic Summary in 2050

Mit_ Med Mit_High Mit_Low

Gross State Product 8.92% 2.37% 3.68%

Real Output 8.23% 1.70% 3.02%

Employment (,000) 7.32% 1.78% 2.78%
_ (3,299.247) (801.416) (1,252.795)

Real Income 5.61% 1.86% 2.47%
_ ($1,094.382) ($310.110) ($446.733)

State Revenue 8.13% 1.72% 2.79%
_ ($127.168) ($42.231) ($56.046)
(% and $billion difference  from Baseline in 2050)

Source: Berkeley Economic Advising and Research

1.3.1 Employment Impacts by Occupation

One of the salient features ofthe BEAR modelis the ability to forecast employmenteffectsby occupation.
The employment effects(relative to th e pre-SB 350 baseline)are presented in Figures 2 and 3by
occupation median-cost scenario (Mit_Med). Significant gains in employment span a variety ofdiverse
sectors, signaling the large scope ofindirectand induced effects from LTES. For example, whilethere are
large increases in employmentsectors readily associated with the renewable buildout and building
efficiency activities such as construction, there are also large projected increases in sectors that are less
direct, such as office support, sales and marketing, and food processing and preparation.

12



Figure 2: Employment Impacts by Occupation
(Mit_Med Scenario, Percentage Change From Baseline)
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Figure 3: Employment Impacts by Occupation
(Mit_Med Scenario, 1,000 FTE Change From Baseline)
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1.3.2 Impacts by Income Decile

The BEAR modelcanforecastresults across state household income tax brackets. Given that the benefits
fromincreased expenditures on low-emissions technologies will not be uniformly distributed across the
population, this feature ofthe model is particularly relevant. The results forincome impacts by tax
bracket are listedin Figure 4.

Figure 4: Household Real Income Changes by Tax Bracket
(Mit_Med, Percentage Change From Baseline)
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The difference in statewide income across alltax bracketscan beclearly seenin the changesin 2050
householdreal incomes that would result with fullimplementation of LTES with median technology cost
assumptions (Mit_Med scenario). These figures however, should not be interpreted as how much
additional income each householdin California will enjoy as a result of the new energy system buildout.
Instead, those households that get new jobs will receive the majority of this in direct benefits, while other
households will see smaller increases from indirect and induced income effects and reductions in
respectiveenergy costs.

The overallincome and employment benefits from properly balanced and targeted policies like Mit_Med
are driven by combined investment stimulus and energy savings (growth positive) offsetting technology

16



Figure 5: Job Creation Through Expenditure Shifting
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CHAPTER 2:
Disadvantaged Community Analysis

Statewide models ofthe economy are useful tools for evaluating the costs and benefits of proposed
policies to California. However, state-level results provide little information about how policies will affect
specific communities. In pa rticular, the distributional component of costs and benefits must be
considered to ensure that vulnerable communities do not bear more than their share ofthe costs.
Examples of past studies that directly considered policy impacts on disadvantaged communities include
the Economic Assessment of SB504 commissioned by the California Independent Sy stem Operator
(California 1SO) (BEAR and Aspen 2016) and theEconomic Analysis ofthe 2017 Scoping Plan® developed
by the California Air Resources Board (CARB) (CARB 2017).

Building on previous studies listed above, this study incorporat esan exploratory analysis of health
benefits associated with reduced criteria pollutant concentrations , resulting from a move toward cleaner
energy sources.I n addition to income and employment effects, this study usesdetailed vehicle
registration data from the DMV with rebate data to examine adoption patterns of electric vehicles in
disadvantaged andnondisadvantaged communities. Lastly, the previously used methodsare updated by
drawing on CalEnviroScreen 3.0 to identify disadvantaged communities (previous studies have used
CalEnviroScreen 2.0, whichweighted hazards differently) and by updating census tractlevel data from
the American Community Survey (U.S. Census Bureau; ACS 2016) used to calibrate community shares.
The team expects thisapproach will further develop the template for future analysis of environmental
policy impacts on disadvantaged communities in California. ©

2.1 Identifying Disadvantaged Communities

To identify disadvantaged communities with respect to environmental polic ies, the California
Environmental Protection Agency (CalEPA) worked with the Office of Environmental Health Hazard
Assessment (OEHHA) to developthe CalEnviroScreen (CES)tool that evaluates economic and
environmental conditions of every census tract in California. The mostrecent version, CalEnviroScreen
3.0, wasreleasedin January 2017 and takes into account factors such as environmental conditions, health
outcomes, and socioeconomic status to construct a score for each census tract. This score can there used
to identify vulnerable communities likely to be sensitive to changing policies. Thesedisadvantaged
communities are commonly defined using this tool as census tracts in the toptwenty -fifth percentile of
CES scores. By this definition, there are 2022 census tracts designated aslisadvantaged communities in
California.

4 http://docketpublic.energy.ca.gov/PublicDocuments/16 -RGO
01/TN212468_20160726T125323_Presentation_on_SB_350_Study_72616.pdf .

5 https:/Avww.arb.ca.gov/cc/scopingplan/2030sp_pp_final.pdf

6 https://oehha.ca.gov/calenviroscreen
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The communities that are designated as disadvantaged using this approach are burdened by a
combination oflow income, high exposure to environmental hazards, and poor health. To illustrate the
importance ofthis combination offactors, Figure 6 highlights the relationships among pollution ex posure,
poverty,and CES score. Each pointrepresents a census tract in Californiaand the axes show poverty and
pollution exposure. CES score isrepresented by colorDisadvantaged communities are concentrated in
the upper right corner ofthe figure where both pollution exposure is high and income is low. The figure
highlights the fact that most census tracts that are very poor but exposed to low levels of pollution are not
designated as disadvantaged by CalEnviroScreen 3.0. Similarly, wealthy communities exposed to high
levels of pollution do not qualify as disadvantaged in this classification system. It is the combination of
hazardous environmental exposure and socioeconomic status (and high health costs) that resultsina
community being designated as disadvantaged.

Figure 6: The Relationship Among Pollution Exposure, Poverty, and Disadvantaged Status
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2.2 Characteristics of Disadvantaged Communities

2.2.1 Spatial Distribution

The regional distribution of disadvantaged communitiesis apparent from Figure 7. While there are
disadvantagedcommunities throughout the state, they are concentrated in two regions

20



sector compared to less than 7% of nomlisadvantaged community households.Disadvantaged
communities also have higher proportions of unskilled labor than the rest ofthe state, such as
manufacturing (11.4%vs 9.3%), retail (120%vs 10.8%) and transportation (6.32%vs 4.21%).

While energy use for every censts tractis not observed, the typesofenergy systems used for heating and
cooling inthe American Community Survey data (ACS; U.S. Census Bureau 2016)were observed
Nondisadvantagedcommunities are twice as likely to use solar energy for their heating andcooling needs
while disadvantagedcommunities arethreetimes as likely notto have any heating or cooling systems in
their homes.

2.2.3 Environmental Exposure

In addition to being less well offfinancially, by the CES definition , disadvantaged communiti esare also
exposed to higherlevels of manyenvironmental hazards. For example, statewide emissions from diesel
sources are 62% higher indisadvantagedcommunities (27 kilograms [kg] compared to 17 kg of emissions
day) and PM2 5 exposure from all sourcesis 26% higher (12.3 comparedto 9.7microgram per cubic meter
(ng\ m3). Pesticide use is 11% higher in disadvantaged communities (34@ounds compared to 305 pounds
per square mile). In contrast, for some pollutants that are more spatially homogenous, such as ozone,
there is no measurable difference in exposure betweendisadvantaged communities and
nondisadvantagedcommunities.

There is considerable spatial variation in hazardous environmental exposure across the state. In Los
Angeles County, for example, emissions from diesel sources are higher than average for all communities.
Nonethelessdisadvantaged communities live in locations within the county with 50% more d iesel
emissions than their non disadvantagedcounterparts (30 compared to 20 kg/day). Similarly, pesticide
applicationis higher for both groups inthe Central Valley ; however, disadvantagedpopulations are in
areas with 7 0% higher rates of pesticide application (845 pounds compared to 498 pounds per square
mile).

2.2.4 Health Burden

The high health and overall economic costs of exposure to these hazards is well established (Gibson et al
2017; Saarietal 2015; Thompson et al 2014). Benefits from reducing hamful exposures therefore stand
to be significant, particularly for communities exposed to dangerously high levels. Moreover, since
disadvantagedcommunities are disproportionately likely to be exposedto high amounts ofthese hazards,
uniform reductions across thestate stand to be particularly beneficial to these communities (Figure 8).

The combination of fewer resources to promote adaptation and higher exposure rates help contribute to a
situation where disadvantaged households bear many ofthe overall health costs from poorenvironmental
quality. Forexample, according to CES California households indisadvantaged communities are 64%
more likely to have visited an emergency room for asthma-related problems (74 compared to 45 visits per
10,000 people) and 34% more likely to have visited for a heart attack (10 compared to7 visits per 10,000
people). Children born in disadvantaged households are also 26% more likely to have low birth weights.
None of these differences can be directly attributed to higher exposure to hazardous environmental
conditions. Nonetheless, the higherrates of disease, particularly asthma, indicate that improvementsin
air quality are likely to be particularly beneficial to disadvantaged communities.
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The source of pollution exposurein disadvantagedcommunities vary geographically.In places like the
Central Valley, much ofthe poor air quality is due to diesel exhaust from farm equipment and emissions
from heavy-duty vehicles (HDV), whereas in Los Angeleslight-duty vehicles (LDV) are a primary
contributor. Disadvantaged communities in different regions are therefore likely to benefit more from
different policies.

22



Figure 8: Comparison Between Disadvantaged and Nondisadvantaged Communities
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CHAPTER 3:
Methods

Directly modeling the economic effectof statewide policies at the disadvantaged communities level using
the BEAR modelwould require complete data on economic activities for every census tract in California.
Since these data do not existthe team usedstatewide effectsbroken down by census tractand then
highlight edthose effectsin the census tracts designated as disadvantagedDisaggregatingstatewide
results to the census tract level is different for each outcome, and these processes are detadd below.

3.1 Downscaling BEAR Model Employment Results

The BEAR model produces job impactestimates measured as total jobs by sectorand by occupation. Job
impacts are downscaled from the state to the census tract using occupational and sector employment
informationinthe American Communities Survey (ACS. The model usesACSfive-year estimates (2011
2015) ofthe share of number of households with residents employed ineach sector and each occupation.
The teamrelied on the assumption that changes in jobs are uniformly spatially distributed across the state
within sector and occupations, so total job changes at the state level are allocated evenly across thstate
to households within that sector and within that occupation.

Direct employment is distinguished from indirect and induced employment using employment intensities
for the sectors directly impacted by the PATHWAY S decarbonization scenarios. These directeffects are
then netted out to determine the indirect and induced employment impacts ofthe decarbonization
scenario.

3.1.1 Caveats

There is notenough information to predictthe location ofnew jobs , soitwas assumed that future jobs are
created inthe locations where current jobs exist. Therefore,the team assumed future jobs, within a given
sector and occupation, arespatially distributed uniformly across the locations of current workers. Relying
on this assumption, total job changes at the state levelcan be allocatedevenly to households within that
sector and occupation. For example, construction jobs in 2030 areassumedin the same locations that
they are now, so all new 2030 construction jobs are assigned to each census tract proportionally to the
number of currentconstruction workers. If new construction jobs are generated in places that do not
currently have construction jobs, those jobs would be captured inthe macro estimates but would not be
assigned to the correct census tracts.

3.2 Clean Energy Vehicle Analysis

To downscale theeffectsof clean-vehicle use to the census tract levelthe team usedvehicle registration
data provided by the California Department of Motor Vehicles (DMV ) as well as the Center for Sustainable
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years ofthe program, nearly 75% of eligible PEV purchases received CVRP rebates. Using this information
onthe location ofclean vehicles in conjunction with DMV vehicle registration data allowedthe teamto
model EV adoptiona

25



Emissions

Poor air quality imposes substantial and unequal public health costs acrossthe state. Conversely, averting
such costsis animportant benefit of reductions in GHG emissions and commensurate improvementsin
air quality (Figure 9). Moreover, the magnitude of benefits are expectedto be large and likely to be
realized in the near term.8 As part ofthe medium - and longer-term economic assessment of the stat

26



3.3.1 Step 1l:Estimating How Reductionsin GHG Emissions Reduce
Concentrationsof  Criteria Pollutants

Air quality is negatively correlated with GHG emissions, and criteria pollutants ( for example. PM2 sand
ozone) have been linked to harmful effects on human health. However, the relationship between reduced
GHG and criteriaemissionsisnot 1:1 (a 5%reduction in GHG emissions doesnot necessarily translate to
a 5% reduction in PM2.5), and this relationship varies over time and space. Modeling the relationship
between GHG emissions and criteria pollutants is the importantfirst step to estimating health benefits.
Until recently , this relationship has not been well understood ; however, new research has shed important
light onthese links.

The team wasnot able to directly model how reductions in GHG emissions from LTES policies will
specifically translate into lower criteria pollutant concentrations sinceitrequiresanintensive modeling
effort by physicists and environmental scientists and is beyond the scope of the current project.
Fortunately, the team wasable to leverage recent work by Zhang etal 2017 on the link between GHG
emissionsinthe energy sectorand mortality riskin the United States.The Zhangmodel evaluates the
representative concentration pathways (RCP) 4.5 energyscenario® (see Thomson et al 2011 for details), a
generic suite of costminimizing policies that reduce GHG emissions in the national energy sectorby a
givenamount. These emissions reductions come from changes in electric power generation and energy
extraction and transformation and are modeled to the year 2050. 19 The teamthen adjustedthe estimates
to more closely reflect potential emissions reductions from L TES policies and to estimate benefits in
2030. According to E3 scenario numbers, by 2030 about halfof 2050 GHG emission reductions will have
taken place. The authors ofthe Zhang et al study share their data with the research team, including
roughly 50 km x 50 km gridded estimates ofreductions in PM 2 sand ozone, so these valuesre scaledto
be half of the associated2050 reductions.

3.3.2 Step 2: Estimating the Effects of Lower Criteria Pollutant
Concentrationson  Avoided Pre mature Deaths

The Zhang etal data includes50 x 50 kilometers (km) gridded estimates for the numberofavoided
premature deaths from avoided PM2.5exposure and the number of avoided premature deathsfrom
avoidedozone exposure. The avoided premature deaths estimates werelerived from the United States
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3.3.3 Step 3: Valuing Mortalityand Morbidity

The standard approach for valuing the costofan avoided premature death is to use the Value ofa
Statistical Life (VSL). The team usedthe U.S.
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However, studies devoted specifically to analyzing California policies at the local level arerequired to
illuminate highly localized effects. The California Energy Commission is supporting several ongoing
studies examining precisely these issues.

Another main caveatis detailed GHG reductions from LTES policies were not modeled. Benefits are
modeled from GHG reductions from transformations in the energy sector, including national changesin
electric power generation and energy extraction and transformation. This means that some ofthe benefits
will come from reductions in emissions in areas other than power generation. Moreover, national
emissions reductions are modeled sothesebenefits estimatesincorporate emissions reductions in
neighboring states2 These emissionsare scaledproportionately to expected emissions reductions from
LTES policiesand assumethat the spatial patterns of criteria pollutant reduction from changes in power
generation and extraction are the same as the spatial patterrs of criteria pollutant reductions from LTES
policies. The benefits are underestimatedin places where LTES policies will reduce criteria pollutants in
ways other than through electricity generation. For example, this analysis does not consider GHG
emissionsreductions from the transportation sector , which are likely to be extremely important to health
benefits in California. H owever, the total GHG emissions reductions in the health benefit estimates do
reflect emissions reductions from transportation , since the Zhang et al estimatesare scaledto the level of
total expected reductions in GHG emission from LTES policies.

The other main assumption is that total health benefits and avoided premature deaths atthe state level
make up 40% ofthe total observed benefits at the national level. This assumptionis based on previous
work by the U.S. EPA and takes averages from estimates in theJ.S. EPA regulatory assessment for the
National Ambient Air Quality Standards. However,U.S. EPA estimates of morbidity costs in this study
range widely, and while this study uses theaverage, other estimates withinthe confidence interval would
resultin some variation of total avoided health cost estimates.

Additional assumptions include the following:
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In addition to the secaveats, this study does not cover all potental cobenefits from GHG emissions
reductions. Benefits not covered here include:
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CHAPTER 4:
Results

If the recommended medium-term policies, present- 2030 are implemented, disadvantaged communities
will experience:
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ofthe 161,000 forecastjobsin Los Angeles @unty in the base cost mitigation scenario createdin
disadvantagedcommunities. Similarly, disadvantagedworkers in the Central Valley are more likely than
nondisadvantagedworkersin thatregion to be employed in transportation and construction sectors.
However, disadvantagedand nondisadvantagedworkers are about equally as likely to be employedin
service sectors in this region. Consequently, more than 32,000 ofthe 59,000 Central Valley jobs created
in the 2030 BaseCostMitigation Scenario are forecast to be indisadvantagedcommunities.

Low-cost mitigation means negative net cost, but it also reduces thedemand stimulus effect. Overall,
there is positive but limitedjob creation by 2030 inthe low-cost mitigation scenario (Mit -Low). In
disadvantagedcommunities specifically, there is small positive job creation. This includes Los Angeles,
where 60% of disadvantagedcommunities experienceat least 20 new jobs, and the Central Valley, where
47 % ofdisadvantagedcommunities gain at least 20 new jobs.

Unlike the Low- and Base-Cost Mitigation Scenarios, job growth is notforecastto be all positive in the
2030 High -Cost Mitigation Scenario. The high-cost scenario includes less savings and profits to spur job
creation, sothereislimited job creation and even some job losses by 2030. Statewide nearly a third of
disadvantagedcommunities lose jobs in this scenalio, although the magnitude of job losses is relatively
small (0-20 jobslost). InLos Angeles, nearly 40% ofdisadvantagedcommunities lose jobs by 2030, but in
the Central Valley, the share ofdisadvantagedcommunities with job losses is limited to 25%.

4.1.2 Job Creation by 2050

Asin 2030, the Medium - (Base) Cost Scenario has the highestjob growthhowever, by 2050, investment
stimulus is sufficient to generate positive job growth across the state in all scenarios. The Low-Cost
Mitigation Scenario includes883,000 jobs generated in California , and more than 40%ofthese jobsare
generated indisadvantagedcommunities due, in large part, to growth in the construction industry and
service sectors. Los Angeles (192 jobs created pafisadvantaged community) and the Central Valley (216
jobs created perdisadvantaged community ) experience substantial benefits. However, these benefits are
significantly smallerthan jobs generated in the Medium - (Base) Cost Scenariqin which more than 3.3
million new jobs are forecastto be generated statewide including 475,000 jobs in Los Angeles
disadvantagedcommunities and 344,000 jobs in Central Valley disadvantagedcommunities. Inthe High -
Cost Scenario, these numbers are reduced to 247,000disadvantaged community jobs statewide and
120,000 and 49,000 jobs in Los Angeles and Central Valley disadvantaged communities , respectively.

4.2 Electrical Vehicle Adoption

The research team estimated mtterns of electric vehicle (EV) adoption by relying on data from the DMV,
electric vehicle rebate programs, and official sourcesofhousehold income and demographic data. This
approach is consistent with recent research (ARB2017b)indicating the mostimportant predictor of EV
adoptionisincome. To model future adoption, stable demographics and use predicted changes inincome
from the BEAR model are assumed with theseresults (Figure 10). For low-income households, in the
absence oftargeted programs! 7 additional income generated by energy policies has a ngligible effecton

17 Governor Edmund G. Brown Jr.
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EV adoption. For relatively wealthy households, there is a small but positive increase in EV adoptionin
the Base-Cost scenarios.

Figure 10: Relationship Between Census Tract Income and EVs Purchased

Additionalincomeat lowerlevels  (lessthan$ 75,000) resultsin little additional EV purchasing , While additional income at
higher median levels has apositive  effect on purchasing patterns. Dotted lines represent 95% confidence intervals.

Source: Berkeley Economic Advising and Research
Specifically, it is estimated that:
By 2030, therewill be:
T 180,000 newdisadvantaged community EVs (six additional EVs per 100 disadvantaged

community households).

¥ 15million new nondisadvantaged community EV's (14 additional EVs per 100 nhondisadvantaged
community households).

By 2050, there will be:

¥ 810,000 new EVsindisadvantagedcommunities.
¥ 1l1million new EVsinnondisadvantagedcommunities.

Electric vehicle adoption is likely to accelerate in the coming decades. Absent specific policies targeting
disadvantaged community adoption, most new vehicles are likely to be purchased by nordisadvantaged
households. However, there is significant uncertainty around EV adoption in disadvantaged communities
because ofthe unknown nature and effectiveness of potential incentive policies and future costs.

4.3 Health Benefits

While this analysisis exploratory,the estimates are intended to provide insight on the potential order of
magnitude of health benefits. Itis clear that anemissions mitigation policy will ma ke highly valuable
contributions to public health in California. Specifically, itis estimated that in 2030, the economic value
health benefits from GHG reductions in the energy sectorwill be $6 billion, of which $2.4 billion isfrom
averted mortality and $3.6billion isfrom averted medical (morbidity) costs.

33



These benefits compare to about$8 billion in average annual direct costs of mitigation policy.18 These
estimates represent health benefits associated with reductions in GHG emissionsinonly the energy
sector,yetdo not quantify many ofthe other expected benefits that are known to be substantial.
Assuming, however, uniform statewide emission reductions, these benefits are higher for
householdsin disadvantaged communities .Moreover,itis likely the total benefits to
disadvantagedcommunities ofthese policiesare underestimated because the potential electrification of
the transportation sector cannot be fully accounted. Transportation electrification is likely to benefit
disadvantagedcommunities because of their proximity to transportation networks. 19

Theseestimates of health benefits are based on morbidity and mortality costs averted and include $581
averted perdisadvantagedhousehold and $494 averted per nondisadvantagedhousehold.

Becausedisadvantagedhouseholds have lowerincomes, these gains are even more dramatic in relative
terms, and more targeted policies could produce even greater gains.

While this study examines the health benefits associated with reducing GHG emissionsin Ca
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networks and
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Figure 11: Medium -Cost Scenario Avoided Pre mature Deaths

Avoided deaths per 100,000 households .

See Appendix Section5.3 for additional maps : Medium -Cost Sce nario He alth Be nefits ($/hh); Medium  -Cost Sce nario He alth
Benefits (Los Angeles, $/household); Medium  -Cost Scenario Health Benefits (Central Valley, $/household); Medium -Cost
Scenario Avoided Pre mature Deaths (avoideddeaths per 100,000 households); Medium  -CostScenarioAvoidedPre mature
Deaths (Los Angeles) (avoided deaths per 100,000 households); Medium  -Cost Scenario AvoidedPre mature Deaths
(Central Valley) (avoided deaths per 100,000 households).

Source: Berkeley Economic Advising and Research
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CHAPTER 5:
Conclusion

This analysisofdisadvantaged communities used downscaled results from the BEARmacroeconomic
model ofthe California economy. This analysis also useddownscaled state-of-the-art health benefits
estimates for reductions in criteria pollutants from GHG emissions reductions. To summarize, the
analysisfind sthe following .

5.1 Job Creati on

New job creationis largely in sectors and occupations that disproportionately employ people from
disadvantagedhouseholds, including construction, transportation ,and services. This group (25% of state
population) captures 30% of annual new jobs by 2030 and 29%by 2050.

Construction and transportation jobs are related to directjob growth (jobs generated through new
investments),while service jobs are more related to indirectjob growth (coming from savingsinduced
spending).

5.2 Electric Vehicles

Electric vehicle adoption remains concentrated among wealthy households,and while the EV fleetis
expected to grow substantially, in the absence oftargeted policies, most new purchases are likely be by
nondisadvantagedhouseholds (~90%in 2030).

Even as eledric vehicle costs come down and even if subsidies for purchasing EVs were increased, absent
policies targeting DAC households directly, electric vehicle adoption is likely to remain highly
concentrated among wealthier households.

5.3 Pollution and Health in Disadvantaged Communities

Disadvantagedhouseholds are burdened by higherlevels of criteria pollutant exposure (25% higher PM2 5
levels on average) and suffer from higher than average rates of associated diseases (55% higher asthma
rates).

Disadvantaged communities therefore benefit disproportionately from improvements in air quality that
canreduce the mortality and morbidity costs they bear (30% of avoided deaths and costs indisadvantaged
communities, 25% of state population).

However, these benefits amongdisadvantagedcommunities are unevenly distributed across the state. For
example,disadvantagedcommunities in areas like Los Angeles willbenefit more than disadvantaged
communities inthe Central Valley because much ofthe hazardous exposure thatlisadvantaged
households in the Central Valley experienceis from diesel emissions from farm equipment, pesticide
exposure, and otherhazards thatare less directly relatedto energy policies or vehicle emissionsThat
being said, because othe regional componentof GHG emissions, reducing emissions in other parts ofthe
state is still likely to improve air quality in the Central Valley, just not by as much as it would in places like
LosAngeles,where most ofthe emissions are generated by sources covered by these policies.
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CARB California Air Resources Board

CEC California Energy Commission

CES CalEnviroScreen

CGE Computable generalequilibrium

Cl Carbonintensity

CSE Center for Sustainable Energy

CVRP Clean Vehicle Rebate Project

EV Electric vehicle

FTE Full-time equivalent

GHG Greenhousegases

GSP Gross State Product

HDV Heavy-duty vehicles

LDV Light -duty vehicles

LTES Long-term energy strategy

NAAQS National Ambient Air Quality Standards
OECD Organization for Economic Co-operation and Development
OEHHA Office of Environmental Health Hazard Assessment
PEV Plug-in electric vehicle

PM Particulate matter

RPS RenewablesPortfolio Standard

VSL Value of Statistical Life

ZEV Zero-emission vehicle
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APPENDIX A:
Benefits

Figure A-1:Job Creation -2030Low -Cost Mitigation

Source: Berkeley Economic Advising and Research

Figure A -2: Job Creation -2030 Medium -Cost Mitigation

Source: Berkeley Economic Advising and Research

Figure A -3: Job Creation -2030High -CostMitigation
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Source: Berkeley Economic Advising and Research

Figure A -4: Job Creation -2050Low -Cost Mitigation

Source: Berkeley Economic Advising and Research
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Figure A -5: Job Creation -2050 Medium -CostMitigation

Source: Berkeley Economic Advising and Research

Figure A -6: Job Creation -2050High -CostMitigation

Source: Berkeley Economic Advising and Research
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Figure A -7:JobCreation -2030Low -Cost Mitigation (Los Angeles)

Source: Berkeley Economic Advising and Research

Figure A-8:JobCreation -2030Medium -CostMitigation (Los Angeles)

Source: Berkeley Economic Advising and Research
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Figure A -9:Job Creation -2030High -CostMitigation (Los Angeles)

Source: Berkeley Economic Advising and Research

Figure A -10:Job Creation -2050Low -Cost Mitigation (Los Angeles)

Source: Berkeley Economic Advising and Research
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Figure A-11. Job Creation -2050 Medium -CostMitigation(Los Angeles)

Source: Berkeley Economic Advising and Research

Figure A -12:Job Creation -2050High -CostMitigation (Los Angeles)

Source: Berkeley Economic Advising and Research
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Figure A -13:JobCreati on -2030Low -CostMitigation (Central Valley)

Source: Berkeley Economic Advising and Research

Figure A -14:Job Creation -2030 Medium -Cost Mitigation (Central Valley)

Source: Berkeley Economic Advising and Research
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Figure A -15:Job Creation -2030H igh -CostMitigation (Central Valley)

Source: Berkeley Economic Advising and Research

Figure A -16:Job Creation -2050Low -Cost Mitigation (Central Valley)

Source: Berkeley Economic Advising and Research
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Figure A -17:Job Creation -2050 Medium -Cost Mitigation (Central Valley)

Source: Berkeley Economic Advising and Research

Figure A -18:Job Creation -2050High -Cost Mitigation (Central Valley)

Source: Berkeley Economic Advising and Research

A-9



Electric Vehicle Adoption
Figure A-19: Additional Elect ricVehicles -2030

Source: Berkeley Economic Advising and Research

Figure A-20:Additional Electric Vehicles -2050

Source: Berkeley Economic Advising and Research
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Figure A-21: Additional Electric Vehicles +2030 (Los Angeles)

Source: Berkeley Economic Advising and Research

Figure A-22:Additional Electric Vehicles +2050 (Los Angeles)

Source: Berkeley Economic Advising and Research
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Figure A-23:Additional Electric Vehicles +2030 (Central Valley)

Source: Berkeley Economic Advising and Research

Figure A-24:Additional Electric Vehicles +2050 (Central Valley)

Source: Berkeley Economic Advising and Research
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Public Health Benefits
Figure A -25: Medium -Cost Scenario Health Benefits ($/

Source: Berkeley Economic Advising and Research

Figure A -26: Medium -Cost Scenario Health Benefits (Los Angeles, $/
|
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Figure A -27: Medium -Cost Scenario Health Benefits (Central Valley, $/ household ),2030

Source: Berkeley Economic Advising and Research

Figure A -28: Medium -CostScenario Avoided Pre mature Deaths (avoided deaths per
100,000 households ),2030

Source: Berkeley Economic Advising and Research
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Figure A -29: Medium -Cost Scenario Avoided Pre  mature Deaths(LosAngeles ,avoided
deaths per 100,000 households ),2030

Source: Berkeley Economic Advising and Research

Figure A -30: Medium -Cost Scenario Avoided Pre  mature Deaths(Central Valley ,avoided
deaths per 100,000 households ),2030

Source: Berkeley Economic Advising and Research
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